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What we claim is: 

L A method of restarting a permanent magnet turbogenerator/motor, comprising the 
steps of: 

determining that the permanent magnet turbogenerator/motor has a fatal fault present and 
is in the process of shutting down; 

determining that the permanent magnet turbogenerator/motor has more than a fixed 
number of restart attempts since the permanent magnet turbogenerator/motor was determined to 
have a fatal fault; and 

continue shutdown of the permanent magnet turbogenerator/motor. 

2. The method of claim 1 wherein the permanent magnet tuibogenerator/motor is in a 
grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 
has a fatal fault present and is in the process of shutting down comprises the steps of: 

detecting an over-current condition; 

determining that less than a fixed number of over-current events have occurred within a 
| fixed period of time; 

disabling the output power converter of the permanent magnet turbogenerator/motor; 

detennining that the output current of the permanent magnet turbogenerator/motor is at a 
normal level in all phases; and 

enabling the output power converter of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet turbogenerator/motor. 

3 , The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 
grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 
has a fatal fault present and is in the process of shutting down comprises the steps of: 
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4 detecting no output over-current; 

5 detecting a loss of output current control or a loss of DC bus voltage control; 

6 determining that more than a fixed number of warning faults has occurred within a fixed 

7 period of time; 

8 reporting a grid fetal fault and initiating shutdown of the permanent magnet 

9 turbogenerator/motor 

1 4. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 

2 grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 
7 has a fatal fault present and is in the process of shutting down comprises the steps of: 

P detecting no output over-current; 



y3 detecting a loss of output current control or a loss of DC bus voltage control; 

O determining that less than a fixed number of warning faults has occurred within a fixed 

W period of time; 

- reporting a grid unbalance warning fault; 

^ disabling the output power converter of the permanent magnet tinix>generator/motor; 
% analyzing the grid voltage magnitude and frequency for an acceptable connection; and 
^ enabling the output power converter of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet tuibogenerator/motor. 

5. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 
grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 
has a fatal fault present and is in the process of shutting down comprises the steps of: 
detecting no output over-current; 

detecting a loss of output current control or a loss of DC bus voltage control; 
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6 determining that less than a fixed number of warning faults has occurred within a fixed 

7 period of time; 

8 reporting a grid unbalance warning fault; 

9 disabling the output power converter of the permanent magnet turbogenerator/motor, 

0 analyzing the grid voltage magnitude and frequency for an unacceptable connection; 

1 determining that the maximum allowable reconnection time has expired; and 

2 reporting a grid fetal fault and initiating shutdown of the permanent magnet , 

3 turbogenerator/motor, 

1 6. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 

O grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 
g has a fatal fault present and is in the process of shutting down comprises the steps of: 

detecting no output over-current; 
% detecting a loss of output current control or a loss of DC bus voltage control; 
1, determining that less than a fixed number of warning faults has occurred within a fixed 

!| period of time; 

reporting a grid unbalance warning fault; 

disabling the output power converter of the permanent magnet turbogenerator/motor; 
analyzing the grid voltage magnitude and frequency for an unacceptable connection; 
determining that the maximum allowable reconnection time has not expired; 
determining that the DC bus level is below the turn on point of the brake resistor; 
applying the brake resistorto control DC bus voltage; 
determining that the grid is acceptable for connection; and 
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enabling the output power converter of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet turbogenerator/motor. 

7. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 
grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 
has a fatal fault present and is in the process of shutting down comprises the steps of: 

detecting no output over-current; 

detecting a loss of output current control or a loss of DC bus voltage control; 
determining that less than a fixed number of warning faults has occurred within a fixed 
period of time; 

reporting a grid unbalance warning fault; 

disabling the output power converter of the permanent magnet turbogenerator/motor, 
analyzing the grid voltage magnitude and frequency for an unacceptable connection; 
determining that the maximum allowable reconnection time has not expired; 
determining that the DC bus level is below the turn on point of the brake resistor, 
determining that the grid is acceptable for connection; and 

enabling the output power converter of the permanent magnet turbogenerator/motor to 
H> continue normal operation of the permanent magnet turbogenerator/motor. 

8. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 
grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 
has a fatal fault present and is in the process of shutting down comprises the steps of: 

detecting no output over-current; 

detecting a loss of output current control or a loss of DC bus voltage control; 
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6 detennining that less than a fixed number of warning faults has occurred within a fixed 

7 period of time; 

8 reporting a grid unbalance warning fault; 

9 disabling the output power converter of the permanent magnet turbogenerator/motor, 

10 analyzing the grid voltage magnitude and frequency for an unacceptable connection; 

1 1 determining that the maximum allowable reconnection time has not expired; 

12 determining that the DC bus level is not below the turn on point of the brake resistor, 

13 applying the brake resistor to control DC bus voltage; 

1 determining that the grid is unacceptable for connection; 

1 determining that the maximum allowable reconnection time has expired; and 

CI reporting a grid fatal fault and initiating shutdown of the permanent magnet 

Crt turbogenerator/motor. 



9. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 
grid connect mode and said step of detennining that the permanent magnet turbogenerator/motor 
has a fatal fault present and is in the process of shutting down comprises the steps of: 

detecting an over-current condition; 

determining that less than a fixed number of over-current events have occurred within a 



6 fixed period of time ; 

7 disabling the output power converter of the permanent magnet turbogenerator/motor; 

8 determining that the output current of the permanent magnet turbogenerator/motor is not 

9 at a normal level in all phases; 

10 determining that the DC bus level is not below the turn on point of the brake resistor; 

1 1 applying the brake resistor to control DC bus voltage; 
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12 determining that the output current of the permanent magnet turbogenerator/motor is at a 

13 normal level in all phases; and 

14 enabling the output power converter of the permanent magnet turbogenerator/motor to 

15 continue normal operation of the permanent magnet turbogenerator/motor. 

1 10. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 

2 grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 

3 has a fatal fault present and is in the process of shutting down comprises the steps of. 

4 detecting an over-current condition; 

5 determining that less than a fixed number of over-current events have occurred within a 
% ^ fixed period of time; 

S disabling the output power converter of the permanent magnet turbogeneratorAnotor, 

m determining that the output current of the permanent magnet taifcogeneraior/motor is not 

HI at a normal level in all phases; 

q determining that the DC bus level is below the turn on point of the brake resistor; 

ri determining that the output current of the pennanent magnet t^^ 

O normal level in all phases; and 

enabling the output power converter of the permanent magnet turbogenerator/motor to 

14 continue normal operation of the permanent magnet turbogenerator/motor. 

1 11. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 

2 grid connect mode and said step of determining that the permanent magnet turbogenerator/motor 

3 has a fatal fault present and is in the process of shutting down comprises the steps of: 

4 detecting an over-current condition; 
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determining that more than a fixed number of over-current events have occurred within a 
fixed period of time; 

determining that more than a fixed number of warning faults has occurred within a fixed 
period of time; 

reporting a grid fatal fault and initiating shutdown of the permanent magnet 
turbogenerator/motor. 

12. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 
standalone mode and said step of determining that the permanent magnet turbogenerator/motor 
has a fatal fault present and is in the process of shutting down comprises the steps of: 

O detecting an over-current condition; 

|J determining that less than a fixed number of over-current events have occurred within a 

O fixed period of time; 

y s 

disabling the output power converter of the permanent magnet turbogenerator/motor; 
J 3 determining that the output current of the permanent magnet turbogenerator/motor is at a 

normal level in all phases; and 
p enabling the output power converter of the permanent magnet turbogenerator/motor to 

continue normal operation of the permanent magnet turbogenerator/motor. 

13. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 
standalone mode and said step of determining that the permanent magnet turbogenerator/motor 
has a fatal feult present and is in the process of shutting down comprises the steps of: 

detecting an over-current condition; 

determining that more than a fixed number of over current events have occurred within a 
fixed period of time; 
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determining that less than a fixed number of warning faults has occurred within a fixed 
period of time; 

reporting a grid unbalance warning fault; 

disabling the output power converter of the permanent magnet turbogenerator/motor, 
resetting the output voltage control ready for a soft start; and 

enabling the output power converter of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet turbogenerator/motor 

14. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 
standalone mode and said step of determining that the permanent magnet turbogenerator/motor 
Ohasafetalfauhpresentandis in the process of shutting down comprises the steps of: 
J3 detecting an over-current condition; 

□ determining that less than a fixed number of over-current events have occurred within a 
W fixed period of time; 

jL disabling the output power converter of the permanent magnet turbogenerator/motor; 

g determining that the output current of the permanent magnet turbogenerator/motor is not 
jjat a normal level in all phases; 

detennining that the DC bus level is below the turn on point of the brake resistor, 
determining that the output current of the permanent magnet turbogenerator/motor is at a 
normal level in all phases; and 

enabling the output power converter of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet turbogenerator/motor. 
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1 15. The method of claim 1 wherein the permanent magnet turbogenerator/motor is in a 

2 standalone mode and said step of determining that the permanent magnet turbogenerator/motor 

3 has a fatal fault present and is in the process of shutting down comprises the steps of: 

4 detecting an over-current condition; 

5 determining that less than a fixed number of over-current events have occurred within a 

6 fixed period of time; 

7 disabling the output power converter of the permanent magnet turbogenerator/motor; 

8 determining that the output current of the permanent magnet turbogenerator/motor is not 
at a normal level in ail phases; 

^ determining that the DC bus level is not below the turn on point of the brake resistor, 

!?2 applying the brake resistor to control DC bus voltage; 

IS determining that the output current of the permanent magnet turbogenerator/motor is at a 

[r* normal level in all phases; and 

p enabling the output power converter of the permanent magnet turbogenerator/motor to 

P continue normal operation of the permanent magnet turbogenerator/motor, 
p 16. A method of restarting a permanent magnet tuibogenei^r/motor, comprising them 

steps of: 

3 determining that the permanent magnet turbogenerator/motor has a fatal fault present and 

4 is in the process of shutting down; 

5 determining that the permanent magnet turbogenerator/motor has less than a fixed 

6 number of restart attempts since the permanent magnet turbogenerator/motor was determined to 

7 have a fatal fault; 
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determining that the permanent magnet turbogenerator/motor is in a recharge state where 
an internal energy storage device is being recharged as part of the shutdown process; 

determining that a fixed period of time has elapsed since any previous attempt to restart 
the permanent magnet turbogenerator/motor; 

attempt to clear the fault present in the permanent magnet turbogenerator/motor, 

issue a restart command to the permanent magnet turbogenerator/motor if the fatal fault is 
successfully cleared; and 

continue normal operation of the permanent magnet tu&ogenerator/motor. 

17, A method of restarting a permanent magnet turbogenerator/motor, comprising them 
steps of: 

determining that the permanent magnet turbogenerator/motor has a fetal fault present and 
is in the process of shutting down; 
1 determining that the permanent magnet turbogenerator/motor has less than a fixed 

I number of restart attempts since the permanent magnet turbogenerator/motor was determined to 
I have a fatal fault; 

determining that the permanent magnet turbogenerator/motor is in a cooldown state 
where the turbogenerator/motor is being rotated when combustion has ceased to lower the 
internal temperature as part of the shutdown process and that the internal temperature is below a 
cooldown restart temperature; 

determining that a fixed period of time has elapsed since any previous attempt to restart 
the permanent magnet turbogenerator/motor; 

attempt to clear the fault present in the permanent magnet turbogenerator/motor; 
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issue a restart command to the permanent magnet turbogenerator/motor if the fatal fault is 
successfully cleared; and 

continue normal operation of the permanent magnet turbogenerator/motor. 

18. A method of restarting a permanent magnet turbogenerator/motor, comprising them 
steps of: 

determining that the permanent magnet turbogenerator/motor has a fetal fault present and 
■ is in the process of shutting down; 

> determining that the permanent magnet turbogenerator/motor has less than a fixed 

number of restart attempts since the permanent magnet turbogenerator/motor was determined to 
^have a fetal fault; 

□ determining that the permanent magnet turbogenerator/motor is in a fault state; 

m determining that a fixed period of time has elapsed since any previous attempt to restart 

Hi the permanent magnet turbogenerator/motor; 

P attempt to clear the fault present in the permanent magnet tuibogenerator/motor; 

O issue a restart command to the permanent magnet turbogenerator/motor if the fatal fault is 

O successfully cleared; and 

continue normal operation of the permanent magnet turbogenerator/motor. 

19. A method of restarting a permanent magnet tuibogenerator/motor, comprising them 
steps of: 

determining that the permanent magnet turbogenerator/motor has a fetal fault present and 
is in the process of shutting down; 
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determining that the permanent magnet turbogenerator/motor has less than a fixed 
number of restart attempts since the permanent magnet turbogenerator/motor was determined to 
have a fatal fault; 

determining that the permanent magnet turbogenerator/motor is in a standby state; 
issue a restart command to the permanent magnet turbogenerator/motor; and 
continue normal operation of the permanent magnet turbogenerator/motor. 

20. A method of restarting a permanent magnet turbogenerator/motor, comprising them 
steps of: 

determining that the permanent magnet turbogenerator/motor has a fetal fault present and 
y s in the process of shutting down; 

"isssF 

~f determining that the permanent magnet turbogenerator/motor has less than a fixed 
Siumber of restart attempts since the permanent magnet turbogenerator/motor was determined to 
Sjiave a fetal fault; 

n determining that the permanent magnet turbogenerator/motor is in a recharge state where 

rfn internal energy storage device is being recharged as part of the shutdown process; 

p determining that a fixed period of time has not elapsed since any previous attempt to 

Liu 

restart the permanent magnet turbogenerator/motor; 

continue shutdown of the permanent magnet turbogenerator/motor. 

21 . A method of restarting a permanent magnet turbogenerator/motor, comprising them 
steps of: 

determining that the permanent magnet turbogenerator/motor has a fetal fault present and 
is in the process of shutting down; 
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5 determining that the permanent magnet turbogenerator/motor has less than a fixed 

6 number of restart attempts since the permanent magnet turbogenerator/motor was determined to 

7 have a fatal fault; 

8 detennining that the permanent magnet turbogenerator/motor is in a cooldown state 

9 where the turbogenerator/motor is being rotated when combustion has ceased to lower the 

! 

10 internal temperature as part of the shutdown process and that the internal temperature is below a 

i 

1 1 cooldown restart temperature; 

12 determining that a fixed period of time has elapsed since any previous attempt to restart 
the permanent magnet turbogenerator/motor; 

attempt to clear the fault present in the permanent magnet turbogenerator/motor, and 
continue shutdown of the permanent nkagnet turbogenerator/motor when the fault is not 
cleared. 

i 

22. A method of restarting a permaneht magnet turbogenerator/motor, comprising them 
steps of: 

i 

detennining that the permanent magnA turbogenerator/motor has a fetal fault present and 
is in the process of shutting down; 

determining that the permanent magnet turbogenerator/motor has less than a fixed 

6 number of restart attempts since the permanent magnet tuibogenerator/motor was determined to 

7 have a fetal fault; 

8 determining that the permanent magnet ttutk)generator/motorisinafeult state; 

9 determining that a fixed period of time has elapsed since any previous attempt to restart 

10 the permanent magnet turbogenerator/motor; 

1 1 attempt to clear the fault present in the permanent magnet ttufcogenerator/motor; and 
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continue shutdown of the permanent magnet turbogenerator/motor when the fault is not 
cleared. 

23 , A method of determining the fault condition of a permanent magnet 
turbogenerator/motor in a grid connect mode, comprising the steps of: 
detecting an over-current condition; 

determining that less than a fixed number of over-current events have occurred within a 
fixed period of time; 

disabling the output power converter of the permanent magnet turbogenerator/motor; 
determining that the output current of the permanent magnet turbogenerator/motor is at a 
p normal level in all phases; and 

S enabling the output power converter of the permanent magnet turbogenerator/motor to 
C3 continue normal operation of the permanent magnet turi>ogenerator/motor 
W 24. A method of determining the fault condition of a permanent magnet 
^ turbogenerator/motor in a grid connect mode, comprising the steps of: 
detecting no output over-current; 

detecting a loss of output current control or a loss of DC bus voltage control; 
r determining that more than a fixed number of warning faults has occurred within a fixed 
period of time; 

reporting a grid fetal fault and initiating shutdown of the permanent magnet 
turbogenerator/motor. 

25. A method of determining the fault condition of a permanent magnet 
turbogenerator/motor in a grid connect mode, comprising the steps of: 

detecting no output over-current; 
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detecting a loss of output current control or a loss of DC bus voltage control; 
determining that less than a fixed number of warning feults has occurred within a fixed 
period of time; 

reporting a grid unbalance warning fault; 

disabling the output power converter of the permanent magnet turbogenerator/motor, 
analyzing the grid voltage magnitude and frequency for an acceptable connection; and 
enabling the output power converter of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet turbogenerator/motor. 

26. A method of determining the fault condition of a permanent magnet 
turbogenerator/motor in a grid connect mode, comprising the steps of 

detecting no output over-current; 

detecting a loss of output current control or a loss of DC bus voltage control; 
detennining that less than a fixed number of warning faults has occurred within a fixed 
, period of time; 

reporting a grid imbalance warning fault; 

disabling the output power converter of the permanent magnet turbogenerator/motor, 
analyzing the grid voltage magnitude and frequency for an unacceptable connection; 
determining that the maximum allowable reconnection time has expired; and 
reporting a grid fatal fault and initiating shutdown of the permanent magnet 
turbogenerator/motor. 

27. A method of determining the fault condition of a permanent magnet 
turbogenerator/motor in a grid connect mode, comprising the steps of: 

detecting no output over-current; 
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4 detecting a loss of output current control or a loss of DC bus voltage control; 

5 det ermining that less than a fixed number of warning faults has occurred within a fixed 

6 period of time; 

7 reporting a grid unbalance warning fault; 

8 disabling the output power converter of the permanent magnet turbogenerator/motor, 

9 analyzing the grid voltage magnitude and frequency for an unacceptable connection; 

0 determining that the maximum allowable reconnection time has not expired; 

1 determining that the DC bus level is not beiow the turn on point of the brake resistor, 

2 applying the brake resistor to control DC bus voltage; 



- determine that the grid is acceptable for connection; and 

X\ enabling the output power converter of the permanent magnet turbogenerator/motor to 

fE continue normal operation of the permanent magnet turbogenerator/motor. 
m 28. A method of determining the fault condition of a permanent magnet 

P turbogenerator/motor in a grid connect mode, comprising the steps of: 



C detecting no output over-current; 

C detecting a loss of output current control or a loss of DC bus voltage control; 

determining that less than a fixed number of warning faults has occurred within a fixed 

6 period of time; 

7 reporting a grid unbalance warning fault; 

8 disabling the output power converter of the permanent magnet tuibogenerator/motor; 

9 analyzing the grid voltage magnitude and frequency for an unacceptable connection; 

0 determining that the maximum allowable reconnection time has not expired; 

1 determining that the DC bus level ii below the turn on point of the brake resistor; 
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12 determine that the grid is acceptable for connection; and 

13 enabling the output power converter of the permanent magnet turbogenerator/motor to 

14 continue normal operation of the permanent magnet turbogenerator/motor. 

1 29. A method of determining the fault condition of a permanent magnet 

2 turbogenerator/motor in a grid connect mode, comprising the steps of: 

3 detecting no output over-current; 

4 detecting a loss of output current control or a loss of DC bus voltage control; 

5 determining that less than a fixed number of warning faults has occurred within a fixed 

6 period of time; 



sQ reporting a grid unbalance warning fault; 

w disabling the output power converter of the permanent magnet turbogenerator/motor; 

I ] analyzing the grid voltage magnitude and frequency for an unacceptable connection; 

^ * determining that the maximum allowable reconnection time has not expired; 

I ; deteonining that the DC bus level is not below the turn on point of the brake resistor; 

~ i applying the brake resistor to control DC bus voltage; 

determine that the grid is unacceptable for connection; 

determining that the maximum allowable reconnection time has expired; and 



is - reporting a grid fatal fault and initiating shutdown of the permanent magnet 

16 turbogenerator/motor. 

1 30. A method of determining the fault condition of a permanent magnet 

2 tuibogenerator/motor in a grid connect mode, comprising the steps of: 

3 detecting an over-current condition; 
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4 determining that less than a fixed number of over-current events have occurred within a 

5 fixed period of time; 

6 disabling the output power converter of the permanent magnet turbogenerator/motor, 

7 determining that the output current of the permanent magnet turbogenerator/motor is not 

8 at a normal level in all phases; 

9 determining that the DC bus level is not below the turn on point of the brake resistor; 

10 applying the brake resistor to control DC bus voltage; 

1 1 determining that the output current of the permanent magnet turbogenerator/motor is at a 

12 normal level in all phases; and 



i;: enabling the output power converter of the permanent magnet turbogenerator/motor to 

m continue normal operation of the permanent magnet turbogenerator/motor. 

p 31. A method of determining the fault condition of a permanent magnet 

LI 

m turbogenerator/motor in a grid connect mode, comprising the steps of: 
O detecting an over-current condition; 

Q determining that less than a fixed number of over-current events have occurred within a 

P fixed period of time; 

disabling the output power converter of the permanent magnet turbogenerator/motor, 

• * - * i 

7 deter lining that the output current of the jpermanent magnet turbogenerator/motor is not 

3 at a normal level in all phases; 

9 determining that the DC bus level is below the turn on point of the brake resistor, 

10 determining that the output current of the jpermanent magnet tuibogenerator/motor is at a 

1 1 normal level in all phases; and j 

i 
i 

I 
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enabling the output power converter of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet turbogenerator/motor, 

32. A method of determining the fault condition of a permanent magnet 
turbogenerator/motor in a grid connect mode, comprising the steps of: 

detecting an over-current condition; 

determining that more than a fixed number of over-current events have occurred within a 
fixed period of time; 

determining that more than a fixed number of warning faults has occurred within a fixed 
period of time; 

reporting a grid fatal fault and initiating shutdown of the permanent magnet 
turbogenerator/motor. 

33. A method of determining the fault condition of a permanent magnet 
turbogenerator/motor in a standalone mode, comprising the steps of: 

detecting an over-current condition; 

determining that less than a fixed number of over-current events have occurred within a 
fixed period of time; 

disabling the output power converter of the permanent magnet turbogenerator/motor; 
determining that the output current of the permanent magnet turbogenerator/motor is at a 
normal level in all phases; and j 

i 

enabling the output power converted of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet tuibogenerator/motor. 

34. A method of determining the fault condition of a permanent magnet 
turbogenerator/motor in a standalone mode, comprising the steps of: 
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3 detecting an over-current condition; 

4 determining that more than a fixed number of over current events have occurred within a 

5 fixed period of time; 

6 determining that less than a fixed number of warning faults has occurred within a fixed 

7 period of time; 

8 reporting a grid unbalance warning fault; 

9 disabling the output power converter of the permanent magnet turbogenerator/motor, 

10 resetting the output voltage control ready for a soft start; and 

enabling the output power converter of the permanent magnet turbogenerator/motor to 

1 y continue normal operation of the permanent magnet taibogenerator/motor 

\ J~ 35. A method of determining the fault condition of a permanent magnet 



S turbogenerator/motor in a standalone mode, comprising the steps of: 
p detecting an over-current condition; 

q determining that less than a fixed number of over-current events have occurred within a 



O fixed period of time; 



disabling the output power converter of the permanent magnet Iwibogenerator/motor, 
\ determining that the output current of the permanent magnet turbogenerator/motor is not 

8 at a normal level in all phases; 

9 determining that the DC bus level is below the turn on point of the brake resistor; 

10 determining that the output current of the permanent magnet turbogenerator/motor is at a 

1 1 normal level in all phases; and 

12 enabling the output power converter of the permanent magnet turbogenerator/motor to 

13 continue normal operation of the permanent magnet tuibogenerator/moton 
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36. A method of determining the fault condition of a permanent magnet 
turbogenerator/motor in a standalone mode, comprising the steps of: 
detecting an over-current condition; 

determining that less than a fixed number of over-current events have occurred within a 
fixed period of time; 

disabling the output power converter of the permanent magnet turbogenerator/motor; 
detem ing that the output current of the permanent magnet turbogenerator/motor is not 
at a normal level in all phases; 

determining that the DC bus level is not below the turn on point of the brake resistor, 
applying the brake resistor to control DC bus voltage; 

determining that the output current of the permanent magnet turbogenerator/motor is at a 
normal level in all phases; and 

i i 

enabling the output power converter of the permanent magnet turbogenerator/motor to 
continue normal operation of the permanent magnet turbogenerator/motor. 
q 37. A permanent magnet turbogenerator/mjotor restarting system, comprising: 

q means for determining that the permanent ihagnet turbogenerator/motor has a fatal fault 

present and is in the process of shutting down; | 

4 means for determining that the permanent ibagnet turbogenerator/motor has more than a 

, i 

5 fixed number of restart attempts since the permanent magnet turbogenerator/motor was 

6 determined to have a fatal fault; and 

7 means to continue shutdown of the permanent magnet turbogenerator/motor. 

I 

l 38. A permanent magnet turbogenerator/mirtor restarting system, comprising: 
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2 
3 
4 
5 
6 
7 
8 
9 



6 
7 

9 
10 



means for determining that the permanent magnet turbogenerator/motor has a fatal fault 
present and is in the process of shutting down; ; 

means for determining that the permanent magnet turbogenerator/motor has less than a 
fixed number of restart attempts since the permanent magnet turbogenerator/motor was 
determined to have a fatal fault; 

■ t 

determining that the permanent magnet ^urbogenerator/motor is in a recharge state where 
an internal energy storage device is being recharged as part of the shutdown process; 

means for determining that a fixed period of time has elapsed since any previous attempt 
to restart the permanent magnet turbogenerator/piotor; 

means to attempt to clear the fault prese it in the permanent magnet turbogenerator/motor; 

means to issue a restart command to the permanent magnet turbogenerator/motor if the 
fatal fault is successfully cleared; and 

means to continue normal operation of m$ permanent magnet turi>ogenerator/motor. 

39. A permanent magnet turbogenerator ^inotor restarting system, comprising: 

means for determining that the permane St magnet tuibogenerator/motor has a fetal fault 
present and is in the process of shutting down;; 

means for determining that the permane! ttt magnet turbogenerator/motor has less than a 
fixed number of restart attempts since the penii^nent magnet turbogenerator/motor was 
determined to have a fatal fault; 

means for determining that the pettriaxMit magnet turbogenerator/motor is in a cooldown 
state where the turbogeneratorfmotor is being rotated when combustion has ceased to lower the 
internal temperature as part of the shutdown process and that the internal temperature is below a 
cooldown restart temperature; 
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1 1 means for determining that a fixed period of time has elapsed since any previous attempt 

12 to restart the permanent magnet turbogenerator/motor; 

13 mfcans to attempt to clear the fault present in the permanent magnet turbogenerator/motor, 

14 means to issue a restart command to the permanent magnet turbogdnerator/motor if the 

15 fatal fault is successfully cleared; and 

16 means to continue normal operation of the permanent magnet turbogenerator/motor 

1 40. A permanent magnet turbogenerator/motor restarting system, comprising: 

2 means for determining that the permanent magnet turbogenerator/motor has a fatal fault 
present and is in the process of shutting down; 

'T; means for determining that the permanent magnet turbogenerator/motor has less than a 



fi fixed number of restart attempts since the permanent magnet turbogenerator/motor was 

p determined to have a fatal fault; 

m means for determining that the permanent magnet turbogenerator/motor is in a fault state; 

q means for determining that a fixed period of time has elapsed since any previous attempt 

O to restart the permanent magnet turbogenerator/motor; 

Q means to attempt to clear the fault present in the permanent magnet turbogenerator/motor, 



means to issue a restart command to the permanent magnet turbogenerator/motor if the 

12 fatal fault is successfully cleared; and 

13 means to continue normal operation of the permanent magnet turbogenerator/motor. 

1 41 . A permanent magnet turbogeribrator/motor restarting system, comprising: 

2 means for determining that the permanent magnet turbogenerator/motor has a fetal fault 

3 present and is in the process of shutting d ]>wn; 
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means for determining that the permanent magnet tuibogenerator/motor has less than a 
fixed number of restart attempts since the permanent magnet turbogenerator/motor was 
determined to have a fetal fault; 

means for determining that the permanent magnet tuibogenerator/motor is in a standby 

state; 

means to issue a restart command to the permanent magnet turbogenerator/motor; and 
means to continue normal operation of the permanent magnet turbogenerator/motor. 

42. A permanent magnet turbogenerator/motor restarting system, comprising: 

means for determining that the permanent magnet turbogenerator/motor has a fetal fault 
present and is in the process of shutting down; 

means for determining that the permanent magnet turbogenerator/motor has less than a 
fixed number of restart attempts since the permanent magnet turbogenerator/motor was 
determined to have a fetal fault; 

determining that the permanent magnet turbogenerator/motor is in a recharge state where 
an internal energy storage device is being recharged as part of the shutdown process; 

means for determining that a fixed period of time has not elapsed since any previous 
attempt to restart the permanent magnet turbogenerator/motor, 

means to continue shutdown of the permanent magnet turbogenerator/motor. 

43. A permanent magnet turbogenerator/motor restarting system, comprising: 

means for determining that the permanent magnet turbogenerator/motor has a fetal fault 
present and is in the process of shutting down; 
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means for determining that the permanent magnet turbogenerator/motor has less than a 
fixed number of restart attempts since the permanent magnet turbogenerator/motor was 
determined to have a fatal fault; 

means for determining that the permanent magnet turbogenerator/motor is in a cooldown 
state where the turbogenerator/motor is being rotated when combustion has ceased to lower the 
internal temperature as part of the shutdown process and that the internal temperature is below a 
cooldown restart temperature; 

means for determining that a fixed period of time has elapsed since any previous attempt 

j 

to restart the permanent magnet turbogenerator/motor; 

means to attempt to clear the fault present in the permanent magnet turbogenerator/motor; 

and 

i 

means to continue shutdown of the permanent magnet turbogenerator/motor when the 

! 

fault is not cleared. j 

i 

44. A permanent magnet turbogenerator/motor restarting system, comprising: 
means for detennining that the permanent magnet turbogenerator/motor has a fatal fault 
present and is in the process of shutting dowi£ 

means for detennining that the permanent magnet turbogenerator/motor has less than a 

i 

fixed number of restart attempts since the permanent magnet turbogenerator/motor was 

determined to have a fetal feult; j 

i; 

means for determining that the permanent magnet turbogenerator/motor is in a fault state; 
means for determining that a fixed pejriod of time has elapsed since any previous attempt 

I : 
t , 

to restart the permanent magnet tiubogeneratpr/motor; 

! 

i 
I 

j ! 

i 

i 

,N . , 
i 
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10 means to attempt to clear the fault present in the permanent magnet turbogenerator/motor; 

11 and 

12 means to continue shutdown of the permanent magnet turbogenerator/motor when the 

13 fault is not cleared. 

1 45. The permanent magnet turbogenerator/motor restarting system of claim 44 wherein 

2 said means for determining that the permanent magnet turbogenerator/motor has a fatal fault 

3 present and is in the process of shutting down, comprises: 

4 means for detecting no output over-current; 

5 means for detecting a loss of output current control or a loss of DC bus voltage control; 
"il means for determining that less than a fixed number of warning faults has occurred 

; FT: 

Jif within a fixed period of time; 

means for reporting a grid unbalance warning fault; 
*jk means for disabling the output power converter of the permanent magnet 

p tiubogenerator/motor, 



□ means for analyzing the grid voltage magnitude and frequency for an unacceptable 

O connection; 

means for determining that the maximum allowable reconnection time has not expired; 

14 means for determining that the DC bus level is not below the turn on point of the brake 

15 resistor, 

16 means for applying the brake resistor to control DC bus voltage; 

17 means for determining that the grid is acceptable for connection; and 
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means for enabling the output power converter of the permanent magnet 
turbogenerator/motor to continue normal operation of the permanent magnet 
turbogenerator/motor. 
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